Type 1 diabetes (T1D) is associated with a 10-fold increase in cardiovascular disease (CVD) risk, due in part to dyslipidemia. Patients with poorly controlled T1D show an increase in total and LDL cholesterol as well as elevated apolipoprotein B (ApoB) levels. Moreover, even patients with well-controlled T1D can show increased levels of ApoB. Dyslipidemia is particularly important in females with T1D, as the atheroprotective lipoprotein profile and reduced risk of CVD usually observed in females without diabetes are lost in females with diabetes ([@B1],[@B2]).

Proprotein convertase subtilisin/kexin type 9 (PCSK9) has recently emerged as a novel regulator of plasma cholesterol levels: gain-of-function PCSK9 mutations increase LDL cholesterol and CVD risk, whereas inhibitors of PCSK9 lower LDL cholesterol. Although PCSK9 is increased in individuals with obesity and type 2 diabetes ([@B3],[@B4]), it is not known whether PCSK9 levels are also changed in individuals with T1D.

Here, we measured PCSK9 levels in a subset of a previously described cohort of T1D and control subjects ([@B5]). For the current study, subjects with serum available for PCSK9 measurement were matched for age and sex between each group using the frequency matching method. Subjects who reported taking statin medications at the time of the study were excluded from the analyses (*n* = 3, all from T1D group). Variance-stabilizing measures to transform nonnormal values were performed as appropriate for parametric analyses. χ^2^ analyses were performed to determine group differences for categorical variables. Independent *t* tests, one-way ANOVA, and ANCOVA were performed to test for mean differences between the groups. Correlations between PCSK9 and age, BMI, BMI *z* score, HbA~1c~, systolic blood pressure, diastolic blood pressure, triglycerides, total cholesterol, LDL cholesterol, HDL cholesterol, and ApoB were assessed in each group by measuring the Spearman correlation coefficient; in this case, to account for multiple testing, *P* \< 0.002 was considered significant.

Patients with T1D showed higher systolic and diastolic blood pressure measurements and ApoB levels, but normal total cholesterol, triglycerides, LDL cholesterol, and HDL cholesterol ([Table 1](#T1){ref-type="table"}). Serum PCSK9 concentrations were significantly higher in females and individuals with T1D. Thus, PCSK9 levels increased from 187 ± 67 ng/mL in control group males to 215 ± 83 ng/mL in control group females, 253 ± 98 ng/mL in males with T1D, and 299 ± 106 ng/mL in females with T1D ([Fig. 1](#F1){ref-type="fig"}) (*P* \< 0.002 for the effects of sex; *P* \< 0.0001 for the effects of T1D; and *P* = 0.864 for their interaction). In the control group, PCSK9 was significantly correlated with total cholesterol (*r*~*s*~ = 0.51) and ApoB (*r*~*s*~ = 0.40). In the T1D group, PCSK9 was significantly correlated with HbA~1c~ (*r*~*s*~ = 0.36), triglycerides (*r*~*s*~ = 0.24), total cholesterol (*r*~*s*~ = 0.39), LDL cholesterol (*r*~*s*~ = 0.31), and ApoB (*r*~*s*~ = 0.31).

###### 

Demographic and clinical characteristics of T1D case subjects and control subjects in the study population

  Patient characteristics                            Control (*n* = 74)    T1D (*n* = 176)        *P* value[\*](#tblfn2){ref-type="table-fn"}
  -------------------------------------------------- --------------------- ---------------------- ---------------------------------------------
  Age (years)                                        15.4 (2.2)            15.2 (2.2)             0.64
  Duration of diabetes (years)                       ---                   8.6 (2.9)              
  Sex, female, *n* (%)                               42 (57)               99 (56)                0.92
  Race, %                                                                                         **0.03**
   Non-Hispanic white                                68                    83                     
   African American                                  11                    3                      
   Hispanic                                          11                    6                      
   Other                                             10                    9                      
  Tanner stage, %[¥](#tblfn3){ref-type="table-fn"}                                                0.77
   1                                                 5                     4                      
   2                                                 13                    10                     
   3                                                 16                    12                     
   4                                                 24                    25                     
   5                                                 42                    49                     
  BMI (kg/m^2^)                                      21.8 (4.2)            22.4 (3.4)             **0.03**
  BMI *z* score                                      0.27 (1.0)            0.55 (0.77)            **0.04**
  HbA~1c~ (%, mmol/mol)                              5.3 (0.3), 34 (2.9)   9.0 (1.6), 75 (17.5)   **\<0.001**
  Systolic BP (mmHg)                                 109 (8)               113 (9)                **\<0.001**
  Diastolic BP (mmHg)                                64 (6)                69 (6)                 **\<0.001**
  Total cholesterol (mg/dL)                          148 (28)              159 (35)               0.47
  LDL cholesterol (mg/dL)                            82 (23)               90 (28)                0.39
  HDL cholesterol (mg/dL)                            49 (9)                52 (11)                0.29
  Triglycerides (mg/dL)                              83 (42)               87 (50)                0.33
  ApoB (mg/dL)                                       69 (19)               77 (23)                **0.003**
  PCSK9 (ng/mL)                                      203 (77)              279 (104)              **0.0001**

Values are mean (SD), unless otherwise indicated. BP, blood pressure.

Comparisons between groups determined using *t* tests if variables were normally distributed or normality was achieved with log transformation. Boldface type indicates statistical significance where *P* \< 0.05.

Tanner stage refers to pubic hair development by provider report.

![Comparison of PCSK9 levels by sex within each group. Data are mean and SD. Two-way ANOVA comparison results are also shown. ^\#^*P* \< 0.0001, subjects with T1D vs. control subjects. \**P* \< 0.002, females vs. males.](dc162563f1){#F1}

Three findings from this study should be noted. First, PCSK9 levels are higher in subjects with T1D than in control subjects without diabetes. The liver is the major source of serum PCSK9 ([@B6]), and insulin increases PCSK9 expression and secretion in hepatocytes ([@B7]). Consequently, plasma PCSK9 levels in adults with T1D are positively correlated with insulin dose ([@B8]). Conversely, mice with livers unable to respond to insulin because of a deletion of the hepatic insulin receptor show a marked decrease in plasma PCSK9 ([@B9]). Because individuals with T1D are relatively deficient in hepatic insulin signaling owing to the lack of endogenous insulin stimulation from the portal circulation, their increased levels of serum PCSK9 were somewhat surprising and suggest that factors other than insulin may also play an important role in the regulation of PCSK9. Second, among subjects with T1D, PCSK9 levels are correlated with HbA~1c~. Similar positive associations between PCSK9 and HbA~1c~ have been observed in other T1D cohorts ([@B8]), and this result is consistent with the greater degree of dyslipidemia found in T1D patients with poor glycemic control. Finally, PCSK9 levels are higher among females, in both the control and T1D groups, consistent with prior studies of PCSK9 in other populations ([@B3]). It has been suggested that sex steroids may be responsible for the increase in PCSK9 observed in females ([@B10]). However, we compared PCSK9 levels in the female subjects who were Tanner stages 1--3 (prepubertal or early puberty, with presumed low sex steroid levels) versus Tanner stage 5 (postpuberty, or presumed high sex steroid levels) and found that neither the Tanner stage nor the interaction between Tanner stage and diabetes was significant.

In summary, our results in a youth cohort indicate that PCSK9 levels are higher in females compared with males, higher in subjects with T1D than in control subjects, and correlated with HbA~1c~. Future work will be necessary to understand the contribution of PCSK9 to the dyslipidemia and increased CVD risk associated with T1D, particularly in females.
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